The sublethal toxicity of diazinon to the adult African toad, Bufo regularis was assessed using an integration of biomarkers. Changes in acetylcholinesterase (AChE), corticosterone and total protein levels were assessed in the serum, brain, liver, lungs and gastrointestinal tract (GIT) and the results supported by bioaccumulation data. The biomarkers were chosen as indicators of key physiological functions: AChE for neurotoxicity, corticosterone and total protein levels as indicators of oxidative stress. Toads were exposed to 0.01, 0.02, 0.03 and 0.04 g/L for 28 days. Brain AChE activity reduced by 96% in the highest concentration (0.04 g/L) compared to the control brain. Similarly, AChE activities in serum, liver, lungs and GIT tissues (88%, 88%, 87, 87% umg -1 protein respectively) were also inhibited in the toads. Corticosterone and total protein levels in the tissues decreased compared to the control. The accumulation results obtained showed accumulation in the tissues (liver>serum>brain> lung>GIT), with a direct relationship between tissue concentration and changes in the biochemical indices. The alterations in all the indices were significantly concentration dependent. The biomarkers described in this study could be useful complementary indices in the risk assessment of diazinon pesticide.
Introduction
Diazinon is one of the most widely used organophosphate insecticides throughout the world. 1 It is a non systemic organophosphate insecticide used to control a wide range of sucking and chewing insects and mites on a range of food crops. It is also used to control agricultural soil-dwelling insects, and is applied as a sheep dip to control ectoparasites. 1 However, like other organophosphate pesticides, they have been found to cause irreparable damage to environmental health. 2 Historical pesticide use has been implicated as a potential factor for declines for multiple amphibian species. [3] [4] [5] [6] [7] [8] Much of the interest on amphibian's declines is currently focused on the role of pesticides on the observed global declines. 3, [9] [10] [11] [12] Concentrations of diazinon pesticide typically found in Nigerian waters range from 0.01-3.64, which are above the ecological benchmark (0.01 µg/L) recommended by Nigerian Environmental Protection agency. 13 The effects of diazinon on adult amphibians are limited. Most studies are centered basically on tadpoles. 11, 12, 14 Diazinon destroys the delicate balance between species that characterize a functioning ecosystem. It has been reported to affect survival and growth in tadpoles, 11, 14 depress cholinesterase (ChE) activity in tadpoles 12 and it also produces many biochemical changes in freshwater organisms especially amphibians by influencing the activities of several enzymes. 4 All biological responses are initially expressed at the molecular or sub cellular level 15 and the levels of response to chemical exposure are believed to be the most sensitive and earliest detectable sub organisimal response. The use of biomarkers, indices of biological stress is widespread within the field of ecotoxicology and they give information about the bioavailability (exposure), the mechanism of action of the pollutant (effects) and the susceptibility of the response to different contaminants. 16 The specific objective of this study was to integrate an array of biomarkers: acetylcholinesterase (AChE), corticosterone and total protein levels to assess the sublethal effect of diazinon a commonly used organophosphate pesticide on the dominant African toad, Bufo regularis, with a view of providing suitable biomarkers for the evaluation of the toxic effect of diazinon pesticide.
Materials and Methods

Collection of test organisms
Adult toads, Bufo regularis of both sexes were collected from their spawning ponds in unpolluted areas. It was ensured that that the toads were not collected from agricultural sites. 17 Toads samples were collected by hand net from their spawning ponds and transported in a covered basket to the Laboratory. Adult toads of the same size and almost the same weight (32.87g±0.03) were acclimatized in glass tanks (51¥32¥33 cm) containing 2 L of dechlorinated tap water, for 7 days prior to the experiments. 18 Tanks were placed on a slant to provide the option of both aqueous and dry environment. 17 Water was changed every 2 days and the tank cleaned thoroughly. Toads were fed earthworms twice weekly. Uneaten earthworms and fecal wastes were removed and water replenished regularly. 17 
Sublethal bioassay
The pesticide used for the sublethal toxicity tests was the organophosphate, Diazinon, commonly used in agricultural farms in Nigeria for the control of insects on food crops. 19 Water for toxicity testes was dechlorinated tap water. The water was dechlorinated by allowing it to stand exposed for 36 h 20 and used for acclimatization, control tests and for making the various concentrations of the test chemical. During the exposure periods for the bioassay, temperature, pH, dissolved oxygen, conductivity, turbidity and alkalinity were determined using standard methods. 21 The bioassay procedures started with a range finding test. 22 This was used to determine the range of concentrations to be tested and the approximate range that would produce the desired effective concentrations for the definitive test. For the definitive test, stock solutions of the required concentrations were prepared. The stock was then diluted serially into environmental relevant treatment concentrations of 0.01, 0.02, 0.03 and 0.04 g/L. Two replicates per test concentration were used to avoid test repetition and to provide a stronger statistical baseline. Each test chamber contained an equal volume of test solution (2 L) and equal number of toads. 10 Replicate test chambers were physically separated.
Biochemical analysis
Two toads each for each biomarker analysiswere removed from the tanks after 28 days exposure. Brain, liver, lungs and gastrointestinal tract (GIT) were removed and weighed. Isolated tissues were frozen to -18 o C for subsequent biochemical analysis. Blood samples were collected by cardiac puncture, using 2 mL hypodermic syringe. Serum was collected from whole blood samples by allowing the tubes containing whole blood samples stand at ambient temperature for 1-2 h in an upright position to let the clot begin to contract. The clot was then removed by decanting into fresh tubes and samples were centrifuged for 10 min and the clear serum removed. Two mL of serum was used.
Determination of acetylcholinesteraseactivity
AChE activity was assayed spectrophometrically according to Ellman et al. 23 Frozen samples of tissues were defrosted on ice. Tissues (serum, brain, liver, lungs and GIT) were homogenized in ice-cold phosphate buffer (0.1 M), pH 6.5 using a politron homogenizer (Ystral, D-79282, Ballrechten-Dottingen, Germany). Analysis was conducted using the supernatants following centrifugation of the homogenate at 9000 rpm for 30 min. Supernatants were stored at -80°C until analysis. Enzymatic assays were performed at 25°C. The substrate acetylthiocholine iodide was added to the reaction mixture containing the homogenate and 5, 5', -dithio-bis-2-nitrobenzoic acid. Activity was expressed as mg -1 protein. Each unit of activity corresponds to 1 nmol of substrate hydrolyzed per minute.
Determination of corticosterone
Corticosterone levels in the tissues were estimated by the method as described by Barseghian et al. 24 Individual tissues were incubated in 2 M Soerensen buffer, pH 7.6, for 16 h at 40°C. Corticosterone-d 3 was used as internal standard. Purification of the incubation medium was achieved on SPE C18 isolute extraction columns followed by an alkaline liquid-liquid extraction with diethylether. The eluate was evaporated to dryness and resuspended in 25 μL of acetonitrile/ammonium formiate. The chromatography was operated on a LC Packings Superba Nucleosil C18 column using a linear gradient of acetonitrile from 30% to 70% in 10 min. The corticosterone standard (corticosterone-d 3 ) was then injected into the chromatograph to determine the retention time. A series of concentrations ranging from 0.025 mg/L to 25 mg/L were then injected. The resulting peak areas were plotted against concentrations to determine the linearity of detector response to the standard. The extract was then loaded and injected into the valve of the chromatography system. The resulting chromatogram for each sample was printed out. The retention times and concentrations were recorded.
Determination of total protein
Total protein was estimated according to the methods described by Lowry et al. 25 Two mL of homogenate was added to 2 mL of alkaline copper sulphate solution. The whole mixture was allowed to stand for 10 min and 0.5 mL of FolinWu reagent was added and mixed in a vortex mixture. The mixture was kept for 30 min and final optical density was measured using a spectrophotometer at 740 nm.
Bioaccumulation
Toads were weighed and killed by decapitation and the brain, liver, lungs and GIT were removed from the animal and weighed. Isolated tissues were frozen to -18°C. 26 Deep frozen tissues were ground while still partially frozen, as this makes the tissue more brittle. Extraction, purification of extracts and analysis were done according to the method described by Harri et al., 8 
Statistical analysis
The susceptibility of the adult toads to diazinon pesticide were determined using Students'ttest, Pearson correlation and one-way analysis of variance SPSS (14.0 version) (SPSS Inc, Chicago, IL, USA) to test the variable at P<0.05 level of significance. Multiple bar graphs and line graphs were also used in this study for the pictorial representation of assessment endpoints.
Results
Biochemical indices
The results of the biochemical indices (AChE, corticosterone and total proteins) are shown in Tables 1-3 and in Figures 1-3 . The results of the effect of diazinon pesticide on the biochemical indices generally showed a reduction. The results showed an inhibition in AChE activities in the serum, brain, liver, lungs and GIT tissues (Table 1) . AChE activity in exposed toads deceased with increase in concentration. The differential inhibition was in the sequence brain>serum> liver>GIT>lungs (Figure 1 ). There was a significant 96% reduction in brain AChE activity compared with the control in the highest concentration (0.04 g/L). Similar results were also observed for serum (88%), liver (89%), lungs (87%) and GIT (87%) tissues (Figure 1) .
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Results of corticosterone levels in toads exposed to diazinon showed a decrease compared to the control in all the tissues ( Table 2 ). The percentage reduction was in the sequence serum>liver>brain>GIT>lungs (Figure 2 ). More pronounced effects were also observed at higher concentrations. The control values for corticosterone were significantly higher (P<0.05) than in the concentrations except in 0.01 g/L and 0.02 g/L (P>0.05) ( Table 2 ). There was also significant difference in corticosterone levels between the tissues (P<0.05, F=3.74).
Total protein levels in toads exposed to diazinon showed that the administration of the pesticide caused reduction in total protein levels in all the tissues studied (Table 3) . Total protein levels in toads exposed to diazinon pesticide decreased with increase in concentration. The differential reduction in total protein levels was in the sequence liver>serum>GIT> brain>lungs (Figure 3) .
Bioaccumulation
Chromatographic analysis showed that diazinon pesticide accumulated in the serum, brain, liver lungs and GIT tissues examined (Figure 4 
Relative correlation between bioaccumulation and alteration in biochemical indices
There was a direct relationship between tissue concentration of the pesticide (diazinon) and changes in the biochemical indices (Figure 4 ). Significant negative correlations between mean tissue concentration and the indices were observed for all the tissues sampled; AChE (P=0.05, r=-0.9), corticosterone levels (P=0.01, r=-1).
Discussion
AChE is the target of many organophosphate and carbamate pesticides. They block the function of AChE and thus cause excessive acetylcholine to accumulate in the synaptic cleft. 27 The changes in AChE activity in the serum, brain, liver, lungs and GIT tissues of diazinon exposed toads decreased significantly. The differential inhibition of AChE activity in the five tissues (brain>serum>liver>GIT>lungs) may be due to the presence of isozymes with different affinities for the substrate and the inhibitor. Further more, the pesticide itself may bepresent in different amounts in the different tissues producing differential inhibition or the inhibitor may be metabolized at different rates. 28 It was observed that the AChE activity in all the tissue examined decreased after treatment. Amphibians are known to be vulnerable to pesticides that are cholinesterase inhibitors. 29 Pesticides, especially organophosphates have been reported to have reduced enzyme activity of ChE in amphibians. [30] [31] [32] [33] [34] Results showed that diazinon caused inhibi- tion of brain ChE activity in adult B. regularis at sub-lethal and environmentally realistic concentrations. The brain response was more sensitive to diazinon than other tissues and may be useful as a diagnostic tool in detecting diazinon exposure in B. regularis. The AChE inhibition in this study correlated with tissue concentrations (Figure 4) . Hence, it may be inferred that the higher the tissue concentration the higher the inhibition susceptibility.
Article
Corticosterone levels maintain blood glucose levels, liver glycogen reserves and controls osmotic balance. 35, 36 Stress response often has a hormonal basis and alterations in the levels of the hormones involved can be used as a biomarker. 37 Corticosterone is a steroid hormone associated with immunosuppression, growth retardation and susceptibility to disease. 38 Measurement of corticosterone levels is useful in diagnosing conditions related to functions of the adrenal cortex. There are however limited data on effects of pesticides on corticosterone levels of amphibians. However, studies by Hayes et al., 3 and Hopkins et al., 39 showed increased circulating levels of corticosterone which is consistent with this study.For fish studies, alterations in corticosterone levels in exposed organisms to pesticide have been observed. 36, 38, [40] [41] [42] In the present study, corticosterone levels in the five tissues of B. regularis exposed to diazinon pesticide were significantly lower than the control. The level of inhibition also positively correlated with the tissues residue. The reduction in corticosterone levels might have resulted from the impairment of corticosterone secretion by the adrenocortical cells. The results from this study corroborated previous works of Lacroix and Hontela, 43 Regoli and Principato, 44 and Bachowski et al. 45 who reported an inhibition of corticosterone secretion after in vitro exposure to pesticides.
The response of B. regularis to diazinon pesticide revealed a reduction in protein levels, indicating pesticide-induced changes in the biochemical systems. In various species, proteins are of importance as structural compounds, biocatalysts and hormones for control of growth and differentiations. 46 So the variation in amphibian proteins could be used as bioindicator for monitoring the physiological status of the treated toads. Proteins play an important role in the life of all living organisms. Pesticides disturb protein synthesis. Under stress many organisms will mobilize proteins as an energy source through the oxidation of amino acids. 46 Decreased protein level observed in this study may be attributed to stress mediated immobilization of these compounds to fulfill an increased element for energy by the organism to cope with environmental condition caused by the toxicant. 47 The depletion in total protein content may also be due to augmented proteolysis and possible utilization of their product for metabolic purposes as reported by Ravinder and Suryanarayana. 48 Neff 49 has opined that decline in protein content may be related to impaired food intake, increased energy cost of homeostasis, tissue repair and detoxification mechanism during stress. It is therefore logical to presume that in the case of prolonged and continued exposure to the pesticide, the deleterious effects of these pesticides on protein synthesis accounts for the progressive reduction in the concentration of total protein in the tissues. 50 
Conclusions
In conclusion, the importance of integrating biomarkers to assess the effect of diazinon on B. regularis has been confirmed by the results showing significant reduction in AChE, corticosterone and total protein levels. The study showed the significance of integrating biochemical indices in assessing diazinon toxicity to amphibians. It is therefore recommended that these biochemical endpoints using these biomarkers be used as complementary indices in assessing the toxicity of diazinon. 
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